(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



(12) 



(43) Date of publication: 

01.10.2003 Bulletin 2003/40 



(H) EP 1 348 590 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCI7: B 60 K 41/04 



(21) Application number: 03005227.8 

(22) Date of filing: 10.03.2003 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

Designated Extension States: 
ALLTLVMK 

(30) Priority: 27.03.2002 US 367491 P 
04.02.2003 US 357396 

(71) Applicant: Caterpillar Inc. 
Peoria Illinois 61629-6490 (US) 

(72) Inventors: 

• Collins, David L. c/o Caterpillar Inc. 
Peoria, Illinois 61629-6490 (US) 



• Devasigamani, Sridhar NMI c/o Caterpillar Inc. 
Peoria, Illinois 61629-6490 (US) 

• Estebanez, Gareth J. c/o Caterpillar Inc. 
Peoria, Illinois 61629-6490 (US) 

• Kendrlck, Larry E. c/o Caterpillar Inc. 
Peoria, Illinois 61629-6490 (US) 

(74) Representative: Wagner, Karl H., Dipl.-lng. 
WAGNER & GEYER 
Patentanwalte 
Gewurzmuhlstrasse 5 
80538 Miinchen (DE) 



(54) Engine and transmission control system 



(57) An exemplary power management system 
(1 00) may include a power source (1 1 2) and a transmis- 
sion (114). The transmission may include a drive mem- 
ber (118, 120) and at least two shift ranges. The drive 
member of the transmission may be driveably engaged 
with the power source. The power management system 
may also include a control system (130) in communica- 
tion with the power source and the transmission. The 



control system may be operative to cause a shift transi- 
tion between the at least two shift ranges in response to 
a shift command. The control system may also be op- 
erative, during at least a portion of the shift transition, to 
modify at least one of a speed of the drive member and 
a speed of the power source based on at least one of a 
load condition of the power source, a speed of the power 
source, and the at least two shift ranges. 
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Description 

Technical Field 

[0001] This invention relates generally to an integrat- 
ed engine and transmission control system and, more 
particularly, to a power management system for improv- 
ing shift quality of the integrated engine and transmis- 
sion control system. 

Background 

[0002] Traditional automatic transmission controls ef- 
fect powershift gear changes in accordance with a 
preselected shift map, e.g., at specified ground speeds, 
even if the engine is at full speed and full throttle and 
regardless of the engine load and shift being performed. 
For example, U.S. Patent No. 6,254,509 discloses a 
power shift transmission driven by an electronically-con- 
trolled engine and a control system that momentarily 
modifies a magnitude of an engine throttle command 
signal during a shift of the power shift transmission. The 
momentary modification occurs independent of the en- 
gine load and the shift being performed. 
[0003] Gear changes according to this method are in- 
efficient and result in excessive wear to driveline com- 
ponents and unacceptable shift quality. For example, a 
downshift of the transmission may require acceleration 
of one or more components of the transmission, for ex- 
ample, the countershaft, even though the overall power 
output is more greatly reduced across the transmission 
as a result of the downshift. As a result, the engine may 
lug during the downshift or, if the engine is already 
lugged back, the downshift may result in an engine stall. 
[0004] Moreover, the transmission clutches are re- 
quired to absorb the change in kinetic energy stored in 
the system and the energy generated by the engine dur- 
ing the gear changes. Additionally, such systems can 
exhibit excessive shift shock when the new gear is en- 
gaged due to the difference between the engine speed 
and the transmission speed in the new gear. 
[0005] The subject invention is directed to improving 
shift quality by minimizing shift acceleration and delay 
while ensuring that the acceleration, delay, and engine 
response during shifting meet with operator expecta- 
tions. 

Summary of the Invention 

[0006] In accordance with one aspect of the invention, 
an exemplary power management system may include 
a power source and a transmission. The transmission 
may include a drive member and at least two shift rang- 
es. The drive member of the transmission may be drive- 
ably engaged with the power source. The power man- 
agement system may also include a control system in 
communication with the power source and the transmis- 
sion. The control system may be operative to cause a 



shift transition between the at least two shift ranges in 
response to a shift command. The control system may 
be operative to modify, during at least a portion of the 
shift transition, at least one of a speed of the power 
5 source and a speed of the drive member based on at 
least one of a load condition of the power source, a 
speed of the power source, and the at least two shift 
ranges. 

[0007] According to another aspect of the invention, 
10 an exemplary method for operating a power manage- 
ment system may include driving a transmission with a 
power source, wherein the transmission has at least two 
shift ranges. The method may also include controllably 
shifting between the at least two shift ranges in response 
15 to a shift command and modifying, during at least a por- 
tion of the shift transition, at least one of a speed of the 
power source and a speed of the drive member based 
on at least one of a load condition of the power source, 
a speed of the power source, and the at least two shift 
20 ranges. 

[0008] According to yet another aspect of the inven- 
tion, an exemplary vehicle having a power management 
system may include an engine and a transmission in- 
cluding a countershaft and at least two shift ranges. The 
25 countershaft of the transmission may be driveably en- 
gaged with the engine. The vehicle may also include at 
least one controller in communication with the engine 
and the transmission, wherein the at least one controller 
may be operative to cause a shift transition between the 
30 at least two shift ranges in response to a shift command. 
The at least one controller may be operative, during at 
least a portion of the shift transition, to increase net 
torque available to the countershaft by increasing the 
speed of the engine. The at least one controller may also 
35 be operative, during at least a portion of the shift transi- 
tion, to increase the speed of the engine by increasing 
fuel delivery to the engine and increasing a fuel torque 
limit on the fuel delivery based on at least one of a load 
condition of the engine, a speed of the engine, and the 
40 at least two shift ranges. 

[0009] It is to be understood that both the foregoing 
general description and the following detailed descrip- 
tion are exemplary and explanatory only and are not re- 
strictive of the invention. 

45 

Brief Description of the Drawings 

[0010] The accompanying drawings, which are incor- 
porated in and constitute a part of this specification, il- 
50 lustrate several exemplary embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. In the drawings, 

FIG. 1 is a schematic illustration of an exemplary 
55 power management system in accordance with the 
present invention; 

FIG. 2 is a block diagram of an exemplary control 
system for implementing a power management sys- 
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tern in accordance with the present invention; 
FIG. 3 is a flowchart illustrating an exemplary oper- 
ation of a power management system in accord- 
ance with the present invention; 
FIG. 4 is a graph illustrating the engine speed re- 
sponse in an exemplary power management sys- 
tem with a speed offset; 

FIGS. 5A, 5B, and 5C are graphs illustrating exem- 
plary modified engine control maps; and 
FIGS. 6A and 6B are graphs illustrating operation 
of an exemplary power management system at the 
same engine speed and shift ranges, but having two 
different engine loads. 

Detailed Description 

[0011] Reference will now be made in detail to em- 
bodiments of the invention, examples of which are illus- 
trated in the accompanying drawings. Wherever possi- 
ble, the same reference numbers will be used through- 
out the drawings to refer to the same or like parts. 
[001 2] Referring to FIG. 1 , an exemplary embodiment 
of the present invention will be described. FIG. 1 is a 
schematic illustration of an exemplary power manage- 
ment system 1 00 to which the present invention can be 
applied. The power management system 100 may be 
equipped with a power source 11 2 such as, for example, 
an engine, and a transmission 114, for example, an au- 
tomatic transmission. The transmission 114 may have 
neutral, a plurality of forward gear ratios, and one or 
more reverse gear ratios; however, it can readily be 
adapted to different transmission configurations, as 
would be apparent to one skilled in the art. 
[0013] The transmission 114 may include a drive 
member 116, for example, a countershaft, connected to 
and driven by the engine 112 through a torque converter 
118 equipped with a lockup clutch 120. The output of 
the transmission 114 may be connected to and config- 
ured to rotatably drive a shaft 1 22. The shaft 1 22 may 
in turn be connected to and configured to drive a ground 
engaging wheel 126, thereby propelling the vehicle. In 
this manner, engine torque or power may be transmitted 
to the wheel 126 with a predetermined speed ratio. 
[0014] A control system 130 may include an engine 
and transmission controller 1 32 embodied in a single mi- 
croprocessor. Numerous commercially available micro- 
processors can be adapted to perform the functions of 
the engine and transmission controller. It should be ap- 
preciated that engine and transmission controllers could 
readily be embodied in separate microprocessors 
adapted to communicate via a data link without depart- 
ing from the scope of the exemplary embodiment. 
[0015] The controller 132 may be configured to re- 
ceive inputs including a vehicle speed signal from, for 
example, a control lever mechanism 134, for example, 
an operator-controlled lever, and effect gear changes in 
the transmission 1 1 4 in response to the received signals 
and in accordance with a predetermined shifting strate- 



gy, as is known in the art. For this purpose, the trans- 
mission 114 may be provided with upshift and downshift 
solenoids 140. The controller 132 may selectively deliv- 
er control signals to these solenoids to initiate gear 

5 change operations. Actuation of one of the shift sole- 
noids 140 displaces a rotary selector valve (not shown) 
to a position corresponding to the new shift range. When 
the selector valve is repositioned in this manner, the 
transmission may automatically disengage the old shift 

10 range and engage the new shift range, as is common in 
the art. The controller 1 32 may be electrically connected 
to the lockup clutch 1 20 for controlling its engagement 
and disengagement during shifting. 
[0016] A gear selector (not shown) may be provided 

15 for indicating a desired transmission gear ratio and di- 
rection of travel. It should be appreciated that the gear 
selector can be embodied in any device or combination 
of devices capable of providing an electrical signal for 
indicating a desired gear ratio and direction of travel. 

20 For example, the gear selector can be in the form of 
movable lever having a neutral position and a plurality 
of forward gear positions and reverse position. A sensor 
(not shown), such as a switch or potentiometer, may be 
adapted to sense the position of the gear selector and 

25 produce a desired gear signal responsive to the selec- 
tor's position. The desired gear signal may be supplied 
to the controller 132. As vehicle speed increases, the 
controller 132 effects gear shifting in accordance with a 
preset shift map until the desired gear is reached. 

30 [0017] An actual gear sensor 141 may be provided for 
sensing the actual transmission gear ratio and produc- 
ing an actual gear ratio signal. Optionally, the sensor 
141 may be in the form of a combination of switches, 
which produce a unique code for each transmission 

35 gear ratio as would be appreciated by one skilled in the 
art. The controller 132 may have an input adapted to 
receive the actual gear ratio signal. 
[0018] The controller 132 may be adapted to receive 
operating parameters including an operator desired 

40 speed signal and an actual engine speed signal and re- 
sponsively regulate engine speed in a closed-loop con- 
trol. For this purpose, the control system may include a 
pedal position sensor (not shown) adapted to produce 
an electrical signal responsive to the position of the ve- 

45 hide's accelerator pedal (not shown). Additionally, the 
control system may include an engine sensor 142 
adapted to sense engine speed and produce an engine 
speed signal. Optionally, the engine speed sensor 142 
may be in the form of a magnetic pickup sensor adapted 

50 to produce a signal corresponding to the rotational 
speed of the engine 112. The sensor 142 may be capa- 
ble of determining the speed, angular position, and di- 
rection of rotation of a rotatable shaft. 
[0019] The controller 132 may process the received 

55 signals to produce a fuel injection control signal for reg- 
ulating the fuel delivery to the engine 112 in response 
to a difference between a desired engine speed signal 
and the actual engine speed signal and in accordance 
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with engine control maps, for example, rail pressure 
maps, timing maps, torque limit maps, etc., as is known 
in the art. Optionally, the actual engine speed may be 
regulated into correspondence with the desired engine 
speed using a proportional-integral-differential (PID) 
control loop. Alternatively, other control strategies such 
as a proportional-integral control may be employed. 
[0020] The injection control signal may be delivered 
to solenoid operated fuel injector units 144a-d associat- 
ed with individual engine cylinders 145a-d (four shown 
for illustration purposes) of the engine 1 1 2. The duration 
of the injection control signal corresponds to the on-time 
of the solenoid, thereby controlling the duration for 
which the injector 144a-d delivers fuel to an associated 
cylinder 145a-d during the combustion cycle. The sole- 
noid operated fuel injectors may be hydrauiically-actu- 
ated units, mechanically-actuated units, or any other 
units known in the art. 

[0021] As discussed above, a downshift of the trans- 
mission 114 of the exemplary power management sys- 
tem 100 may require acceleration of one or more com- 
ponents of the transmission 114, for example, the coun- 
tershaft 116. Applying Newton's Second Law for rota- 
tional motion to the countershaft 116 and the output 
shaft 122, the following relationship can be written: 

£T 2 • 5a), "J-j 

5< ° 2 = Vrr, 

where: 

Jf is the effective moment of inertia of the counter- 
shaft 116; 

J 2 is the effective moment of inertia (including rota- 
tional moment of inertia and the effect of associated 
vehicle's mass) of the output shaft 122; 
2X, is the net torque available to accelerate the 
countershaft 116; 

2T 2 is the net torque (due to drawbar load and/or 
rolling resistance) attempting to decelerate the out- 
put shaft 122; 

So^ is the required change in countershaft rotational 
velocity; and 

6o>2 is the resulting change in output shaft rotational 
velocity. 

[0022] From the above equation, it is apparent that an 
increase in net torque available to accelerate the coun- 
tershaft 116 (2X,) will reduce the change in output shaft 
velocity (60)2), and thus, the magnitude of shift acceler- 
ation. The net torque available to accelerate the coun- 
tershaft 116 (ET^ may be increased by increasing the 
torque output of the engine 112. The torque output of 
the engine 112 may be increased by increasing delivery 
of fuel to the engine 112. 

[0023] Fuel delivery to the engine 1 1 2 may be driven 
by a differential between desired engine speed and ac- 



tual engine speed. The fuel delivery may, in turn, be lim- 
ited by a fuel torque limit, designed to prevent engine 
failure, and a fuel smoke limit, designed to limit undesir- 
able smoke emissions from the engine. In the exemplary 

5 power management system 100, fuel delivery to the en- . 
gine 112 may be increased during at least a portion of 
a shift by adding a speed offset to increase the speed 
differential between the desired engine speed and the 
actual engine speed. As a result, the controller 1 32 may 

10 increase the fuel delivery amount based on the higher 
perceived speed differential. The fuel delivery to the en- 
gine 112 may also be increased by increasing the fuel 
torque limit momentarily during at least a portion of the 
shift, while still preventing engine failure. 

is [0024] A block diagram illustrating an exemplary con- 
trol system 200 for the power management system 1 00 
is shown in FIG. 2. At block 205, the control system 200 
receives a throttle input associated with a desired speed 
of the engine 112. At a first summation block 210, a 

20 speed differential between the desired engine speed 
and the actual engine speed is determined. 
[0025] The control system 200 includes a modified fu- 
el management system (MFMS) that may be executed, 
for example, during shifting of the transmission 114. The 

25 modified fuel management system may include a speed 
offset determined at block 215. The speed offset may 
be zero, for example, when the transmission 114 is not 
shifting and/or when the modified fuel management sys- 
tem is not being utilized. When the modified fuel man- 
so agement system is being utilized, the speed offset may 
have a magnitude greater than zero, for example, during 
at least a portion of a shift. The magnitude of the speed 
offset may be determined at block 21 5 based on, for ex- 
ample, vehicle type, desired engine speed, engine load 

35 including drawbar load and/or rolling resistance, and/or 
the shift being performed, for example, a 1 3-to-1 2 down- 
shift, a 7-to-6 downshift, orthe like. An exemplary speed 
offset map is shown in FIG. 4 and discussed in more 
detail below 

40 [0026] At a second summation block 220, the speed 
offset may be added to the speed differential. At block 
225, an engine controller function (F(s)), which may be 
handled by the controller 132 of the exemplary power 
management system 1 00, determines an amount of fuel 

45 to be delivered to the engine 112 based on the result of 
summation block 220. 

[0027] Then, at block 230, the control system 200 de- 
termines whether the modified fuel management sys- 
tem is being utilized. If the modified fuel management 

50 system is being utilized, a modified fuel torque limit is 
applied at block 235. Generally, the fuel torque limit pro- 
vides a limit on the amount of fuel to be delivered to the 
engine 112 to prevent excessive stress and/or strain on 
the engine that may cause engine damage and/or fail- 

55 ure. The modified fuel torque limit may be greater than 
a normal fuel torque limit in order to allow the increased 
fuel delivery to the engine 1 1 2 being commanded by the 
controller function (F(s)) at block 225. An exemplary 
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modified fuel torque limit map is shown in FIG. 5C. 
[0028] If, at block 230, the control system 200 deter- 
mines that the modified fuel management system is not 
being utilized, a normal fuel torque limit is applied at 
block 240. Once a fuel torque limit is applied at either 
block 235 or 240, an amount of fuel is delivered to the 
engine and its associated turbo (F P (s)) at block 245. The 
resulting engine speed may be sensed and returned to 
compare with the desired engine speed at summation 
block 21 0 via block 250. 

[0029] The exemplary modified fuel management 
system incorporated in the block diagram of FIG. 2 may 
include additional features that may increase fuel deliv- 
ery to the engine 112, for example, during a shift. For 
example, in the exemplary fuel management system 
100, fuel delivery to the engine 112 may be increased 
during a shift by advancing the timing of the engine and/ 
or by increasing the desired rail pressure, which is as- 
sociated with the fuel injection pressure. Exemplary 
modified timing and rail pressure maps are illustrated in 
FIGS.5A and 5B. 

[0030] Referring now to FIG. 3, a shift operation 300 
employing a modified fuel management system in ac- 
cordance with certain aspects of the invention is ex- 
plained. Control commences in step 305 when the con- 
troller 132 determines that a shift between two shift 
ranges is to occur. Control continues to step 31 0. 
[0031 ] In step 31 0, the controller 1 32 determines sys- 
tem parameters to be used during at least a portion of 
the shift. For example, the controller 1 32 may determine 
a maximum speed offset, a speed offset ramp up rate, 
a speed offset ramp down rate, and/or a speed offset 
duration. The determinations may be made based on 
the shift to be performed and the actual engine load, in- 
cluding drawbar load. Control continues to step 315. 
[0032] Then, in step 315, the controller 132 deter- 
mines whether the shift duration has expired. If, in step 
315, it is determined that the shift duration has not ex- 
pired, control continues to step 320. If, in step 315, it is 
determined that the shift duration has expired, control 
skips to step 345, where control is returned to the main 
program (not shown). It should be appreciated that any 
known method for real-time tracking of the shift duration 
is within the scope of this invention. 
[0033] In step 320, the controller 132 determines a 
speed differential between a desired engine speed and 
the actual engine speed. The desired engine speed may 
be input via the control lever mechanism 134, and the 
actual engine speed may be sensed by the engine 
speed sensor 142. Control then continues to step 325. 
[0034] Then, in step 325, the controller 132 deter- 
mines a speed offset based on the load condition of the 
transmission and/or the shift being performed, and con- 
trol proceeds to step 330. In step 330, the controller 1 32 
determines a modified speed differential by adding the 
speed offset to the speed differential. Control proceeds 
to step 335. 

[0035] In step 335, the controller 132 determines a 



modified fuel torque limit, a modified timing, and/or a 
modified rail pressure based on the load condition of the 
transmission and/or the shift being performed, and con- 
trol proceeds to step 340. In step 340, the controller 1 32 

5 determines an amount of fuel to be delivered to the en- 
gine 112 in response to the modified speed differential, 
the modified timing, and/or the modified rail pressure, 
as limited by the modified fuel torque limit. It should be 
appreciated that the amount of fuel to be delivered to 

io the engine 112 may also be limited by other factors such 
as, for example, a smoke rack limit to prevent emissions 
of black smoke that result from too rich of an air/fuel mix- 
ture. Control then returns to step 315. 
[0036] Optionally, the shift operation 300 may include 

is an auto-shutoff feature. For example, as shown in bro- 
ken lines in FIG. 3, control may proceed from step 320 
to step 322. In step 322, the controller 132 determines 
whether the speed differential is less than a predeter- 
mined speed differential. If, in step 322, it is determined 

20 that the speed differential is less than the predetermined 
speed differential, control skips to step 345, where con- 
trol is returned to the main program (not shown). Other- 
wise, if it is determined in step 322 that the speed dif- 
ferential is not less than the predetermined speed dif- 

25 ferential, control continues to step 325. 

[0037] The shift operation 300 with auto-shutoff fea- 
ture may produce a different engine speed response 
curve than a system without auto-shutoff. For example, 
FIG. 4 illustrates engine speed response over the time 

30 period of a shift transition. Shift initiation occurs at a 
time, T h before the off -going clutch begins disengage- 
ment and before the oncoming clutch begins engage- 
ment. 

[0038] At or after shift initiation, the desired speed is 
35 modified by the speed offset to generate a desired en- 
gine speed with offset. As shown, the engine speed may 
exceed the desired engine speed for a period of time 
before dropping below the desired engine speed for 
much of the shift transition. Toward the end of the shift 
40 transition in a system without the auto-shutoff feature, 
the speed offset may be ramped down beginning at a 
predetermined time, for example, T M , that provides a 
maximum duration for effectuating speed offset. In the 
system without auto-shutoff, the engine speed may ex- 
45 ceed, or overshoot, the desired engine speed toward the 
end of the shift transition. 

[0039] In a system with the auto-shutoff feature, the 
engine response may overshoot the desired engine 
speed by a lesser amount than the system without auto- 

50 shutoff. A system employing the auto-shutoff feature 
may begin ramping down the speed offset once the dif- 
ference between engine speed and desired engine 
speed (i.e., desired engine speed without speed offset) 
reaches a predetermined difference, for example, X RPM . 

55 At the time, T Ar where the difference reaches the pre- 
determined difference, X RPM , the speed offset may be 
ramped down, as indicated by the broken line in FIG. 4. 
As a result, the engine speed may reach the desired en- 
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gine speed with little or no overshoot, as shown by the 
dashed engine response curve in FIG. 4. 
[0040] It should be appreciated that the ramp-up rate, 
ramp-down rate, duration of offset, maximum offset, 
and/or X RPM can be altered to provide optimum results s 
for one or more operating conditions such as, for exam- 
ple, the shift being performed, vehicle type, load condi- 
tion, altitude, and terrain. The optimum results may be 
determined through testing of the system under the var- 
ious operating conditions. io 
[0041] FIGS. 6A and 6B illustrate engine responses 
operating under an exemplary power management sys- 
tem at the same engine speed and shift ranges, but hav- 
ing two different engine loads. These figures are dis- 
cussed in more detail below. is 

Industrial Applicability 

[0042] A vehicle operator may input a desired engine 
speed via a control lever mechanism 1 34. Based on the 20 
input, the engine and transmission controller 132 may 
determine that a transmission shift, for example, a 13-to- 
12 downshift, a 7-to-6 downshift, or the like, is to occur. 
Initiation of the shift may precede disengagement of the 
off-going clutch and engagement of the oncoming 25 
clutch. 

[0043] After initiation of the shift, the controller 132 
may modify the desired engine speed, or the difference 
between desired engine speed and actual engine 
speed, by a speed offset. The speed offset may be de- 30 
termined based on the engine load and/or the shift being 
performed, in this example, a 5-to-4 downshift. The con- 
troller may also substitute modified engine control 
maps, for example, a modified rail pressure map, a mod- 
ified timing map, and/or a modified torque limit map, for 35 
the standard maps. Exemplary modified maps are 
shown in FIGS. 5A, 5B, and 5C. 

[0044] The rail pressure map is associated with fuel 
injection pressure. The modified rail pressure map 
shown in FIG. 5A may increase the desired rail pressure 40 
to a desired limit. By increasing the injection pressure, 
the level of exhaust smoke may be reduced, and com- 
bustion may be more efficient, which may produce more 
engine power for a given amount of fuel injected. The 
rail pressure map may ramp up from, for example, about 45 
19 Mpa (2750 psi) at low engine speeds to about 24.5 
Mpa (3550 psi) at higher speeds in order to limit the high 
rates of in-cylinder pressure rise that may be associated 
with high injection pressures at low engine speeds. 
[0045] An example of the modified fuel injection timing so 
map is shown in FIG. 5B. The large flat region that dom- 
inates the map may be a conservative fuel injection tim- 
ing of, for example, about eight degrees before top- 
dead-center (8°BTDC). This timing may represent a 
compromise between a timing that produces the maxi- ss 
mum power for a given fueling and a timing that provides 
sufficient exhaust heat energy to the turbocharger to 
help accelerate the turbocharger and provide boost 



pressure more quickly. 

[0046] As the fueling approaches the torque limit (i.e., 
maximum fueling), the timing may be advanced consid- 
erably. The timing may be determined in an engine test 
ceil and may maximize cylinder pressure to the design 
limit of the engine 112. By running the engine 112 at the 
maximum cylinder pressure, the efficiency of the engine 
112 may be optimized and the maximum power may be 
produced for the given fueling. 

[0047] Another possible advantage of advancing the 
fuel injection timing at high engine loads is that the en- 
ergy to the turbocharger may be reduced significantly, 
which may help to minimize the turbocharger speed. 
Without a significant advance in timing, the turbocharger 
speed limit could well exceed the operational limit and 
could ultimately cause premature failure of turbocharger 
components. By advancing the timing, the turbocharger 
speed may be reduced and the system 1 00 may retain 
its desired capability. For example, turbocharger speed 
generally increases with altitude. Thus, reducing the tur- 
bocharger speed by advancing the timing may counter- 
act the increased speed caused by altitude, and the sys- 
tem 100 may retain its desired capability even at alti- 
tude. 

[0048] In addition, the speed of the transition from nor- 
mal engine operation to the modified operation during 
shifting may be slowed noticeably by the speed at which 
the electronic governor could increase the fueling. If the 
governor gains were changed greatly to produce the de- 
sired response, there may be a risk of instability. By ad- 
vancing the timing, the desired engine power required 
for the modified operation during shifting may be 
achieved with a lower fueling. Thus, the governor may 
only have to increase the fueling far less than would be 
necessary with an unmodified timing. 
[0049] Referring to FIG. 5C, the power management 
system may use a third modified map to determine the 
torque limit (i.e., the maximum fueling available) for the 
modified operation during shifting. Used in conjunction 
with the modified timing and rail pressure maps, the 
modified torque limit map may provide a hard limit to the 
fueling allowed at any given engine speed. 
[0050] FIGS. 6A and 6B illustrate exemplary results 
from an engine employing a power management system 
100 and control system 200 in accordance with the in- 
vention and from an engine without the power manage- 
ment system 100 and control system 200. FIG. 6A 
shows the baseline results for an unloaded engine 112 
operating at a given engine speed. FIG. 6B shows the 
results for an engine 112 experiencing a drawbar load 
of 20,000 lbs. at the same given engine speed. 
[0051] A power management system in accordance 
with exemplary embodiments of the invention may re- 
duce wear to driveline components and prevent the en- 
gine from lugging and/or stalling. The power manage- 
ment system may also achieve acceptable shift quality 
by minimizing shift acceleration and delay, while ensur- 
ing that the acceleration, delay, and engine response 
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during shifting meet with operator expectations. 
[0052] It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
disclosed power management system without departing 
from the scope or spirit of the invention. Other embodi- 
ments of the invention will be apparent to those skilled 
in the art from consideration of the specification and 
practice of the invention disclosed herein. It is intended 
that the specification and examples be considered as 
exemplary only. 



Claims 

1 . A power management system (1 00), comprising: 

a power source (112); 

a transmission (114) including a drive member 
(118, 120) and at least two shift ranges, the 
drive member of the transmission being drive- 
ably engaged with the power source; and 
a control system (130) in communication with 
the power source and the transmission, the 
control system being operative to cause a shift 
transition between the at least two shift ranges 
in response to a shift command, 

wherein the control system is operative to 
modify, during at least a portion of the shift transi- 
tion, at least one of a speed of the power source 
and a speed of the drive member based on at least 
one of a load condition of the power source, a speed 
of the power source, and the at least two shift rang- 
es. 

2. The system of claim 1 , wherein the control system 
is configured to increase at least one of the speed 
of the drive member and the speed of the power 
source during at least a portion of the shift transition 
based on at least one of a load condition of the pow- 
er source, a speed of the power source, and the at 
least two shift ranges. 

3. The system of claim 2, wherein the control system 
is configured to increase the speed of the power 
source by increasing fuel delivery to the power 
source during at least a portion of the shift transition 
based on at least one of a load condition of the pow- 
er source, a speed of the power source, and the at 
least two shift ranges. 

4. The system of claim 3, wherein the control system 
is configured to receive an input indicating a desired 
speed of the power source, and 

wherein the control system is configured, dur- 
ing at least a portion of the shift transition, to deter- 
mine a speed offset based on at least one of a load 
condition of the power source, a speed of the power 



source, and the at least two shift ranges, to increase 
the desired speed by the speed offset, and to in- 
crease the fuel delivery to the power source based 
on the increased desired speed. 

5 

5. The system of claim 3, wherein the control system 
is configured, during at least a portion of the shift 
transition, to increase a fuel torque limit on the fuel 
delivery to the power source, to increase fuel injec- 

10 tion pressure of the fuel delivery, and to advance 
timing of the power source during at least a portion 
of the shift transition based on at least one of a load 
condition of the power source, a speed of the power 
source, and the at least two shift ranges. 

15 

6. The system of any of claims 1 -5, wherein the power 
management system is associated with a vehicle, 
and wherein the load condition of the power source 
includes at least one of drawbar load and rolling re- 

20 sistance of the vehicle. 

7. A method (200) for operating a power management 
system (100), comprising: 

25 driving a transmission (114) with a power 

source (112), the transmission having at least 
two shift ranges; 

controllably shifting between the at least two 
shift ranges in response to a shift command; 
30 and 

modifying, during at least a portion of the shift 
transition, at least one of a speed of the power 
source and a speed of the drive member based 
on at least one of a load condition of the power 
35 source, a speed of the power source, and the 

at least two shift ranges. 

8. The method of claim 7, wherein said modifying in- 
cludes increasing at least one of the speed of the 

40 drive member and the speed of the power source 
during at least a portion of said shifting based on at 
least one of a load condition of the power source, a 
speed of the power source, and the at least two shift 
ranges. 

45 

9. The method of claim 8, wherein said increasing the 
speed of the power source includes increasing fuel 
delivery to the power source during at least a portion 
of said shifting based on at least one of a load con- 

50 dition of the power source, a speed of the power 
source, and the at least two shift ranges, and further 
including at least one of: 

increasing a fuel torque limit on the fuel delivery 
55 to the power source during at least a portion of 

said shifting based on at least one of a load con- 
dition of the power source, a speed of the power 
source, and the at least two shift ranges; 
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increasing fuel injection pressure of the fuel de- 
livery during at least a portion of said shifting 
based on at feast one of a load condition of the 
power source, a speed of the power source, 
and the at least two shift ranges; and 5 
advancing timing of the power source during at 
least a portion of said shifting based on at least 
one of a load condition of the power source, a 
speed of the power source, and the at least two 
shift ranges. 10 

10. The method of claim 9, further including 

receiving an input indicating a desired speed of 
the power source; 15 
determining, during at least a portion of the shift 
transition, a speed offset based on at least one 
of a load condition of the power source, a speed 
of the power source, and the at least two shift 
ranges; 20 
increasing the desired speed by the speed off- 
set during at least a portion of the shift transi- 
tion; and 

increasing the fuel delivery to the power source 
based on the increased desired speed during 25 
at least a portion of the shift transition. 
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